Manipulating a tool according to its function requires the integration of visual, conceptual, and motor information, a process subserved in part by left parietal cortex. How these different types of information are integrated and how their integration is reflected in neural responses in the parietal lobule remains an open question. Here, participants viewed images of tools and animals during functional magnetic resonance imaging (fMRI). k-Means clustering over time series data was used to parcellate left parietal cortex into subregions based on functional connectivity to a whole brain network of regions involved in tool processing. One cluster, in the inferior parietal cortex, expressed privileged functional connectivity to the left ventral premotor cortex. A second cluster, in the vicinity of the anterior intraparietal sulcus, expressed privileged functional connectivity with the left medial fusiform gyrus. A third cluster in the superior parietal lobe expressed privileged functional connectivity with dorsal occipital cortex. Control analyses using Monte Carlo style permutation tests demonstrated that the clustering solutions were outside the range of what would be observed based on chance 'lumpiness' in random data, or mere anatomical proximity. Finally, hierarchical clustering analyses were used to formally relate the resulting parcellation scheme of left parietal tool representations to previous work that has parcellated the left parietal lobule on purely anatomical grounds. These findings demonstrate significant heterogeneity in the functional organization of manipulable object representations in left parietal cortex, and outline a framework that generates novel predictions about the causes of some forms of upper limb apraxia.
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Manipulating a tool according to its function requires the integration of visual, conceptual, and motor information, a process subserved in part by left parietal cortex. How these different types of information are integrated and how their integration is reflected in neural responses in the parietal lobule remains an open question. Here, participants viewed images of tools and animals during functional magnetic resonance imaging (fMRI). k-Means clustering over time series data was used to parcellate left parietal cortex into subregions based on functional connectivity to a whole brain network of regions involved in tool processing. One cluster, in the inferior parietal cortex, expressed privileged functional connectivity to the left ventral premotor cortex. A second cluster, in the vicinity of the anterior intraparietal sulcus, expressed privileged functional connectivity with the left medial fusiform gyrus. A third cluster in the superior parietal lobe expressed privileged functional connectivity with dorsal occipital cortex. Control analyses using Monte Carlo style permutation tests demonstrated that the clustering solutions were outside the range of what would be observed based on chance 'lumpiness' in random data, or mere anatomical proximity. Finally, hierarchical clustering analyses were used to formally relate the resulting parcellation scheme of left parietal tool representations to previous work that has parcellated the left parietal lobule on purely anatomical grounds. These findings demonstrate significant heterogeneity in the functional organization of manipulable object representations in left parietal cortex, and outline a framework that generates novel predictions about the causes of some forms of upper limb apraxia.
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1. Introduction
Manipulable object knowledge
The ability to use objects according to their function and in the correct context requires the integration of diverse types of information. Consider, for instance, the knowledge and skills involved in the everyday action of picking up a fork and eating some food off of your plate. The target of the initial reaching action must be identified, and a reach-to-grasp action planned and executed. That reach-to-grasp action is based on a prior identification of the particular fork, which is the target of the action (e.g., your fork as opposed to your neighbor's fork). The reaching action must then take into account various obstacles that may be present (e.g., a glass of wine, your neighbor's elbow). Furthermore, the reach-to-grasp action ultimately anticipates the way in which the object (fork) will be manipulated, and as such, depends on the integration of identity information and knowledge of the center of mass of that object. For instance, different forks will be picked up at different points along the handle according to their center of mass, but a fork and knife with the same center of mass will also be picked up differently, according to the eventual way the object will be held for use. Then, once the fork is 'in hand,' the way in which it is manipulated depends on an understanding of how forks work-you don't use it to scoop a piece of steak that could be stabbed, and you don't use it to stab your mashed potatoes but instead scoop them.
When unpacked in this way, it becomes clear that even a simple action like reaching out to pick up a fork to eat dinner is a complex process that requires the integration of many different types of information. A range of previous research has demonstrated the involvement of temporal, parietal, occipital and frontal cortex-that is, a whole brain network-in tool processing. For instance, viewing manipulable objects compared to comparable baseline categories (animals, vehicles) 
